
LEVEU>
CRC 436 / August 1981

-MILITARY COMPENSATION
"--AND RETENTION: AN

Z ANALYSIS OF ALTERNATIVE
MODELS AND A SIMULATION
OF A NEW RETENTION
MODEL

John T. Warner

SI'-"~ E '-E .C " T-xII

DisuibudoUn Utzdimd

CENTER FOR NAVAL ANALYSES

81 10 14



APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED

Work conducted under contract N00014.80-C.0664

This Research Contribution does not necessarily represent

the opinion of the Department of the Navy

Preceding Page/s BIANK In Document



N •
•ECU,•,ITY CLASSIFiCATIO.N..O. F THiS PA• (W•en Dete Enfettd)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
BEFORE COMPLETING FORM

I REPORT NUMBER i2. GOVT ACCESSION NO 3 R•CiPII[÷NT'$ CATALOG NUMBER

- il- / c),_ ,
i. TITLE (•d Subtl(le) S. TYPE OF REPORT & PERIOI COV[REI

Military Compensatlon and Retention:
An Analysis of Alternatlve Models and 6 PSRFORM•N•O•G KEPO•T NUMBS"

"•J a Simulation of a New Retention Model,

•--•uvw0mt•J) -- *-iE ........ a CONTRACT ORGRANr NUMeER(a)

. ;•}) John T. iWarner
i • ! :" -" N00014-80-C-0664

Sl. P'I•RFORMINCJ ORGANIZATIO• NAIdE AND A•DRESS 10. PROGRAM ELt'MENT, PROJECT. TASK

Center for Naval Analy•es AREA & WORK UNIT NUMBERS

2000 No. Beauregard Street
Alexandria, Virglnla 22311

I •ONvROLLING OFFICE NAME ANO ADDRESS |2. REPON•r OAT•[

Office of Naval Research . ' August lqRl
Department of the Naw ; •-- I•.-•O• 'O•"P,,GES
Arlington, Virglnia 2'2-217

47
t• MONITORING At;IFNCY NAME •1 ADORE•S(It •llferent from C•trolilnJ Olll•e) •S. SECURIT•€ CLASS. •ol ,•le report)
Office of A:•s't Secretary of Defense Manpower
Reserve Affalrs & Lo•Ist'ics lInclasslfled
Washington, D.C. 20301

ISe DEC L ASSI FIC ATION "OOWN GR ADII•;G

SCHEDULE

16 I•ISTRIBuT!ON STATEMENT •o•-fhle Repor•)

Approved for public release; distribution unlimited.

- OSTReuTiOR STTE.E.T •o, ,•..•.,,.•, .. ,...• ,. e,•=& •. ,, d,;i.,.., ,,o• .. •oo

1S. •Up..P.k•-MENTARY NOTE,$

This Research Contrthution2•oes not necessarily represent the opinion of
the Department o• the Na•.

19 K EY WORDS (Continue on reverie side If neceeeel'y gild Iden#lly by block number)
ACOI., compensation, enlisted personnel• mathematical modeln, •er•onn•,l
retention, PVCOL, reenllstment, retention models, salaries, S oi.

ZO A•ISTRACT (Co•#lnue em revc•rle eldv l! neceeeeO, •r•d Idenllly by •'lock nu¢blt)

Four major models for predlct|ng the effects of changes tn military pay
on rPtentlon are descrlhe,] and compared. The most sophi•tlcated model
called the Stochastic Cost of ].earing or SCOL mode], |s slmu]at.• to demon-
strata the effects of several ¢han•es In military compensation on rPtentlon.Si!

125 -- i i
•ORM

DD , •AN •, 1473 t•,,,O, Or : ,ov•,s OSOLETE•
S 'N OiO2-LF -014.6601 •" I

SITUNITY CLA||IFICATION OIr THl| RAOIF (R•en Dal•e Inl•ted) •]•

/./I" . r ' i / •1

'/ / • ,

I ;



i~~~~~ ~~ Q Ii ....

S13 September 1981

00

< • M EMORANDUM FOR DISTRIBUTION LIST

SubJ: Center for Naval Analyses Research Contribution 436
0 -

Encl: (1) CRC 436, "Military Compensation and Retention: An
' •" .Analysis of Alternative ,.odels and a Simulation of

S a New Retention Model," by John T. Warner
August 1931

1. Enclosure (1), prepared for the Office of the Assistant
7 • SecretAry of Defense for Manpower, Reserve Affairs and Logistics

under Contract N00014-80-C-0664, is forwarded for information
o and retention as a matter of possible interest. This Research

Contribution completes FY80 work conducted under the contract.

0 2. This Research Contribution compares several models of enlistedCL. • retention, and si~ulates a new model. It should prove valuable to

nanpower planners and compensation managers In all four services
* and in OSD.

3. Research Contributions are distributed for their potential value

UIJ in other studies and analyses. The enclosure does not necessarily
represent the opinion of the Department of Defense.

C7-0

9TANLEY A/HOROWITZ
Director

Tistitute of Naval Studies ;.r eTsjon For

NTIS C.=A&I

D~TIC T• -

.a t If -catl - .. . .

U! nit:iOU.C U ...

DLSTRIBU1rION LIST: r nl

Reverse page A'vIlPA11 ' .Cod _.
,'v. Pa:•dor

an affiiare cOf rhe Un•vetsity of aochesrr-r

--.- --- I. - .-



Subj: Center for Naval Analyses Research Contribution 436

SDISRIRIBUTION LIST 
Ii

S~OpNav :

SAl NSSTSECIAV (M&RA) pav

1 %ASSTSECNAV (FM) Op-OOK

h2h NAV (o IPT Op-OOK
A2A CR Op-09R
&2 A C • N o p- O g B R

ADCS, -ANPOWKR, US."C A-9
Op- 9 6

NAT'L DEF UNIV

B3 ARi1ED FORCES STAFF COL Op-0 9 9

P5 COMDr COGARI) Op- 0 1

21 AL (IxC LCANTFLT ()p-I

2W C I CPACFLT 
Op- 12

21A3 (" INCUSNAVEUR Op-13

FF30 NAV','.iACLANT Op-16iDI (2 copies)

F' 30 NAVMMACPAC Op-6(q

FF38 1;SNA, Nmit.?. L1brary Op-39

vF44 NAVWARCOL Op-593

FJ 1 NAVPERSPROGSUPPACT

FT76 COMNAVCRUITCOM

FKA6A1f6 '!AVPERSRANfDCrN(Attn: Mýr. Ma~rk Chipman)

Ff5 C:NTtCHTRA

FT73 NAVPGSCOL (2 copies)

Other.

Ass't Secretary of Defense, M1anpower, Reserve Affairs & lopi>tc

Deputy Ass't Secy of Defense [or Military Manpower Policy

Aith: Mr. Paul logan & Major JaneM lloskins (4 copies)

Director, Program Analysis and Evaluation (2 copies)

Oefense Technical Information Center (12 copies)

DepArtment of the Army (Mdj Gen'l)(
6 copies)

Departrefent of the Air Force (SAMI)

Office of Personnel Management (Nttnt: Dr. Gary R. Nelson)

Congressional 3udget Office (Attn: Mr. Robert -iale) 
A

Institute for Defense Analyse,4

Ruman Resource Research Organization

The ?rand Corporation (Attn: Mr. Glenn Gotz)

System Development Corporation 

A

Vie Univer;ity of Rochester (2 copies)

-A

I



:1
IN

CRC 436 / August 1981

mci
FN

MILITARY COMPENSATION
AND RETENTION: AN
ANALYSIS OF ALTERNATIVE
MODELS AND A SIMULATION
OF A NEW RETENTION
MODEL

John T. Warner

A

I • Institute of Naval Studies

A

CENTER FOR NAVAL ANALYSESA

• ~ ~20100 Nwilh HeauregardI Sitee.. AIX lxrdla, Id ',fl 22311

"{ Ir :j



ABSTRACT

Four major models for predicting

Son 
retention are described and com-

pared. The most sophisticated 
model,

called the Stochastic Cost of Leaving or

SCOL model, is simulated to demons trare

the ef fects of several changes in

military compensation 
on retention.
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EXCUTIVE SUMMARY

This paper has been written to accomplish two tasks. The first of

these is to provide a comprehensive comparative analysis of the various

models which have been or are now being used to predict the effect on

retention of changes in military pay. The second task is to construct

and execute a simulation of the latest model. To the extent that this
model accurately reflects retention behavior in the Navy, this simula-

tion demonstrates the effect on retention of several changes in military

compensat ion.

Ln chronological order of their development, the models to be
examined are the PVCOL (Present Value of the Cost of Leaving) Model, the

ACOL (Annualized Cost of Leaving) Model, the SCOL (Stochastic Cost of

Leaving) model, and the Air Force--Congressional Budget Office model.

All of these models develop some measure of the difference between the

income streaa from staying in service at least one more term and the

income stream from leaving now. This difference is called the cost of

leaving. Streams of future income are converted to single numbers by
discounting them by the cate at which personnel appear to discount

future income. The cost of leaving is then related to the retention

rate via some supply function.

The PVCOL model calculates the cost of leaving aR the maximum

present value of the income stream from staying minus the present value

of the income stream from leaving now. The retention rate is related to

this cost of leaving via a logistic supply function, the parameters o(

which are estimated by regression analysis.

This model is deficient in several. respects. First, it does not

incorporate an individual's taste for military service, only monetary

values. That is, the model rf,cusots attention on individuals who are
".taste neittral," not individuals who are actually on the margin of a

stay-leave decision. Second, the model only looks at the effect of

future pay changes on current behavior. It ignores the effect of past

compensation practices on the current population eligihle for reenlist-
ment, a relationship that becomes important in the analysis of alterna-

tive retirement systems as well as other changes to the compensation

systems (e.g., higher bonuses). Third, the connection between the cost

of leaving and retention, the logistic function, is ad hoc. Fourth, it

assumes the civilian and miltiary income streams are known with cer-

ta'nty. Finally, some oF the predictions from the model seem

unreasonable.

-Il
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The ACOL model remedies some of these criticisms, in whole or in

part. First, the model introduces a taste for service factor into the

stay-leave decision. This taste factor is the annual military-civilian

pay differential required to make an individual indifferent between

military and civilian life. When this taste factor is added, the model

directs attention to those who are actually on the margin of a reenlist-

ment decision, not those who are "taste neutral." The model derives the

annualized cost of leaving (ACOL), which is the maximum annualized
milttary-civilian pay differential from remaining in military service.

The time horizon, or years of future military service, relevant for

retention decision-making is the horizon over which ACOL is maximized.

The retention rate at a given term of service will be the proportion of

individuals for whom the maximum annual pay differential, or ACOL,

exceeds the taste factor, or differential required to make them indif-

ferent between military and civilian life.

A crucial input into the ACOL model is the assumed pattern of

personal discount rates. Empirical analysis by Gilman (reference I)

suggests that young personnel (e.g., first-term personnel) have discount

rates of about 20 percent per year, but that discount rates decline as

individuals age. The assumed discount rate is crucial in the ACOL model

because an increase in the discount rate serves to raise ACOL values
calculated over short time horizons relative to those calculated over

longer time horizons and, therefore, to reduce the time horizon that is

relevant for retention decision-making. The assumed discount rate will

thus have cunsequences for the predicted effect of a pay change.

To provide examples, if one nssumes 20 percent discount rates amonR

first-term reenlistment eligibles, the ACOL model predicts that the time

horizon relevant for reenlistment decision-making is the length of a

reenlistment. At a 10 percent discount rate, the maximum ACOL may be

the one over the horizon that encompasses the 20th year of service. At

the second-term reenlistment decision-point, the situation is dif-
ferent. Regardless of the discount rate, the time horizon relevant for

reenlistment decision-making invariably encompasses the 20th year of

service.

Note a strong implication of this model. That is that pay changes

that occur past the time horizon over which ACML is maximized will have

no effect on retention rates. Thus, if the time horizon of first-term

reenlistees is only the length of a reenlistment, a cut in retirement

benefits will not hurt first-term retention. Conversely, an increase in
pay beyond the second term may not raise first-term retention, unless it

alters the time horizon over which ACOL is maximized.

-iv-



In the ACOL model, each individual is presumed to know his future
military and civilian income streams with ceitainty and he is implicitly
unaware that future events may induce him to leave. The SCOL model
departs from the ACOL model by adding a "transitory' or random dis-
turbance to the retention decision at each term of service. This dis-
turbance summarizes all of the influences on the individual's retention
decision at each term of service that are not already reflected in his
taste for service factor. While the individual cannot know future
values of these transitory or random disturbances, it is assumed that he
knows the probability that a random e-:ent will induce him to leave at
each future term of service. The individual is then assumed to calcu-
late his cost of leaving, based not on a single future horizon of mill-

tary service, but rather on a weighted average of his leaving costs over
all possible future terms of service, where the weights in this calcula-

tion are his perceived probabilities of leaving after each possible
future horizon of service. The cost of leaving thus becomes A "sto-
chastic" cost of leaving (hence the acronym SCOL).

Note that this model alters some of the conclusions of the other
models. First, unlike the ACOL model, pay changes that occur in any
future term of service will have some effect on current retention,
albeit however small. There is always some probability that an indi-
vidual will stay in service long enough to get that higher pay. Hence,
this model will predict some effect of a reduction in 20-year retirement
benefits on first- term retention; under certain assumptions stated
above the ACOL model will not.

Second, far term pay changes have a smaller effect on the current
term retention rate in the SCOL model than the PVCOL model. This is
because the model accounts for the fact that individuals, even those
with strong positive tastes for military service, know that there is
some probability Lhat they will not stay in service long enough to he
affected by the far-term pay change. The probabilities of leaving after
each term of service essentially operate as an extra diacounting factor.

The addition of a transitory disturbance also allows a retention
function to be derived from the model. This retention function has the
property that as pay in past terms increases and past term retention
increases, the retention rate in the current term decreases. This
specification of the retention function makes rigorous the link between
the current term retention rate and past compensation policies.

While the SCOL model provides several analytical advances over
previous models, its disadvantages should be noted. First, it is



considerably more complicated mathematically than previous models. This
increased complexity will no doubt provide a barrier to understanding
among some users and it may inhibit the correct interpretation of the4

model's results.

Second, the model is a steady-state model. Beginning with a cohort A

of first-term eligibles characterized by some initial taste distribu-
tion, the SCOL model determines what fraction of this cohort will sur-
vive to e,.ch term of service under alternative pay regimes. By steady-
state we mean that each successive cohort of reenlistment eligibles is
characterized by the same taste distribution and that there are no
unanticipated changes in the compensation system. Because the model is
a steady-state model, it is not well suited to dynamic policy ansly-
sis. That is, the model cannot he used, say, to predict the effect on
the Navy enlisted force over the next several years of a 10 percent pay
increase. Rather, the SCOL model may only be used to compare the

ateady-state force that would evolve with a given pay change to the
"-base case" force, i.e., the steady-state force that would exist under
the current compensation system. The great advantage of the ACOL model
is that it can be used in dynamic forecasting.

A third difficulty is that empirical estimation of the model's

parameters requires an estimation technique that is considerably more
difficult than, say, regression analysis. Empirically, the parameters
to be estimated are those of the initial taste distribution (distribu-
tion of tastes among the first-term reenlistment eligibles) and the
transitory disturbance distribution. Estimation of these parameters
requires longitudinal data on a cohort that has made at least two reten-
tion decisions. The estimation procedure is essentially "plug and chug"
maximum likelihood--the parameters are varied until the best fit to the
observed data is obtained. Unlike tegression analysis, holding constant
other systematic factors that affect retention (e.g., education, mental
group, race) would be extremely difficult.

The Air Force-CBO model is similar to the SCOL model in that it too
calculates a cost of leaving that is a weighted average of leaving costs
over various possible future horizons of military service. The major

difference is that the cost of leaving calculations are made on the
basis of the probability of surviving to each future term of service and
then leaving of those who in fact stay. This cost of leaving is again
related to retention rates via a logistic supply function. The mai.

criticism of this model is that it probably will lead to overprediction
of Cie effect of changes in far future term pay and underpredict the
effect of near term pay. The model uses burvival rates to each future

-vi-
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term of those who in fact stay because these rates are observable. Yet,

if those who left had in fact stayed, they would have had lower survival
rates. Hence, the average survival rates used by the model are too

high.

I now turn to simulation results from the SCOL model. To do the

simulations, we first fit the model's parameters such that at FY 1979
values of Navy pay and civilian pay the model predicted, as closely as
possible, FY 1979 Navy enlisted retention rates by term of service.
Note that this procedure treats the observed FY 1979 retention pattern

as a steady-state pattern although it is not. We did what we did only
to give the model some link to the actual Navy retention pattern by term

of service. In any event, the purpose of the simulations is to show
SCOL model predictions of the effects of various pay changes relative to

the model's own base case, not to empirically estimate the model's
parameters.

Once the model's parameters were chosen, we simulated several
changes in active duty military pay to determine what the pay elast.cl-
ties Implied by the model. Our purpose in doing this ,ias to determine

how consistent the model is with previously estimated pay elastici-

ties. Then, we simulated the model for two alternative retirement
systems, the OSg retirement plan without early withdrawal privileges and
the OSD retirement plan with early withdrawal privileges. (See ref-

erence 4 for a detailed description of these plans.)

One reviewer noted that these simulations, by themselves, may not
be very instructive because there are many combinations of model param-

eters that might generate the base case retention pattern, and the pay
elaqticities and estimates of the effects of alternative retirement
systems might be very different for different parameter values. Note
first that the range of values of the model's parameters such that the
SCOL model will predict the current Zattern. of Navy enlisted retention

(if not its actual values) is not large. Second, sensitivity analyses
were performed for various parameter values, and the pay elasticities
and estimates of effects of alternative retirement systems were quite

stable for reasonable variations in the parameter values.

In our simulations, we find the following: First, a 10 percent
increase in second-term pay elicits a 24.2 percent increase In the
first-term retention rate. The implied pay elasticity of 2.42 is con-

sistent with previous results. The predicted effect of a second-term

pay change is quit, corsittent with that predicted by the ACOL model.

Second, a 10 percent increase in the whole military pay table is

-vii-
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-predicted to generate a 32.2 percent increase in the first-term
retention rate--an elasticity of 3.22. The effect of a change in the

whole pay table is larger than just a change in second-term pay. (When

the time horizon of people on the margin of a retentiou fiecLsion is
-short (e.g., the length of a reenlistment), the ACOL model will predict
no difference in the impact of short and long-term pay changes.) Yet,
while the qCOL model does predict a difference, the model avoids the

-.---. 1implausibly high predicted change (about 50 percent) provided by the

PVCOL model. Third, in the SCOL model, higher pay serves to raise
retention only over the interval during which the pay raise is in

effect. Most of the personnel induced to stay by the higher pay leave
-thereafter.

In this simulation, the second-term retention rate is very re-
sponsive to third-term pay changes, considerably more responsive than
estimates found elsewhere (reference 7). This high responsiveness is
due to declining variation in the taste distribution as thobe with low

tastes leave at the end of the first term. While increased responsive-
ness of retention rates at the second and later terms is expected on

theoretical grounds, the inconsistency between these and other resultL"
requires further investigation.

SCOL model stmulations of alternative retirement plans pro.ide

estimates that are reasonably consistent with those from the ACOL model

(reference 4). Both models predict that the OSD plan without early
withdrawal privileges would get lower retention rdtes prior to YOS 20,
but higher rates thereafter, The main diffcrence is that the SCOL model
predicts a smaller change in second-term retention than does the ACOL

model, but a larger drop in third-term retention. Both models predict
about the same cumulative survival probability to YOS 20. Both models
predict that the OSD plan with early withdrawal will generate higher
retention prior to YOS 10 than the current system. Significantly, the

predicted increase is larger than that obtainee earlier using the ACOL
model (reference 4). However, the predicted decline after YOS 10 is
larger also. Overall, the SCOL model gives more optimistic estimates of
the effect of the OSD plan than the ACOL model.

-viii-
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INTRODUCTION

During the past three years, much attention has been devoted to

devolopinp models that can predict the effect of changes in military

compensation on pernonnel retention. Prior to 1978, virtually no models

etsted that could be used to predict the effect of such changes. Yet,

beginning with the report of the Presldent's Commisslon on military

Compensation (PCMC) in 1978, several proposals for overhauling the

military retirement system have surfaced. The PCMC plan, as well as one

recntly submitted to Congress by the Office of the Secretary of Defense

(Mn), recommend that the current 20-year retirement systen he replaced
by a system that provides lower benefits to 20-year retirees, but sig-

nif,'-int cash beneFits to those who complete 10 years of service. These
proposals, for overhaul of the retirement system and the likelihood of

co'otinting pressuire to alter other parts of the compensatton system have
emphasized the need to model the link between all forms of compensation

aol retention.

Siubsequenr to the deliberations of the PCMC, four retention models

have been developed. The first is tne PVCOL (present value of cost of

leaving) Iodel. This model was initially described by Gotz and McCall

(reference 2) arid later uged by Warner (reference 3) to analvze the

retention effects of the PCHC retirement plan. A variant of the P%'COL
model is the ACOL (annualized cost of leaving) model. This model was

developed by Warner (reference 4) and used to analyze alternative re-
tirement systems. The third model is a variant of the PVCrTL model and

was first developed by Gotz and McCall (reference 5). T will call it

the SCOL (stochastic coSL of leavilg) model, since the cost of leaving

calculated by the model is a probabilistic, weighted average of leaving
costs over various ftuture time horizons (the weights represent the
probabilities of existing at each of the possible future points). The

fourth model, developed by the Air Force and the Congrensional Bltidpet

Offict, contains featires of each of the first three models.

1utch confusion has persisted absout the difforenceA in these

models. Chipman (reference 6), for instance, describes the models ond
compires their p-edtct lons for the PCMC retirement plan, but he does not

provide an analytical discussion of the differences in the modc-lq. The

first objective of this paper, therefore, is to describe these models

and demonstrate exactly how they diffet . The conditions ,under which the

vwrious models predict (roughly) the same retention response to a pay

change aro derived, ac well as the conditions under which the pred[leted
t eqponses will vary. The various mndels are compared and analyzed in



the next section. The second objective of this paper is to present some - ,

simulation results from the SCOL model. These resultq are compared WLth
results from other models. This analysis is providpd in the last
aect ion.

-2--



THE MODELS

Before describing the models, let me make two points about reten-

tion patterns. First, there should be a natural tendency for retention
rates to rise with term of service (t). This tendency is separate and

distinct from any increase in the financial incentive to stay and is due

to the fact that in early tenrs of service the retention decision-making

process serves to sort out those who like military service from those

who don't. As this sorting process proceeds, the cohorts of personnel 71
who stay will be comprised of people who, on average, have a higher
taste for military service and hence higher retention rates.

The second point is that the retention rate at term t may not be
independent of past pay policies. For example, suppose one group of

first-term reenlistees receives a reenlistment bonus and a second

(otherwise identical) group does not. The first-term reenlistment rate
of the group receiving the bonus should be higher. However, at the

gecond-term rnenlistment point, the group receiving the ficsL'-term

may have a lower reenlistment rate (assuming both groups face the

future military and civilian pay streams). This is because the gr

receiving the first-term bonus has a lower average taste for service at

the second-term point than the group not receiving the bonus. The

various models differ both in their ability to "explain" the natural

tendency for retention rates to rise with term of service, and in their

mechodology for linking current term retention with past compensation
policies. The major advance of the SCOL model is that both of the above

phenomena are explained within (i.e. are "endogenous" to ) the model.

14e shall analyze the models in the following order: PVCOL, ACOT.,

SCOL, and the Air Force and CBO models. These models differ according

to how (1) the error term in the model is specified, (2) the cost of

leaving is calculated, and (3) the function relating the cost of leaving

to the retention rate Is specified. These differences may all lead to

considerable differences in prediction of how personnel would respond to

to a given pay change.

THE PVCOL MODEL

The original PVCOL model gave no considerat[on to non-monetary A

factors. By not explicitly considering non-monetary factors, the model

could not explain why two individuals with equal costs of leaving might

make different stay-leave decisions. Hence there was nothing In the

I



model to explain each individnal's stay-leave decision. The signifi-
canee of the fact that the model had no taste factor in it to explain
the stay-leave decision should become evident in the di-cussion of thils
model, and the more complex models that follow.

One way to develop the PVCOL model is to consider an individual at
the end of length of service (LOS) t. This individual can stay one more
term and then leave, two more terms and then leave, etc.* If T is the
total ni-iber of terms of military service, the individtal must evaluate
T-t possible future income streams plus the income stream from leaving
now. Denoting each of the possible future terms of service after which
the individual may leave by the variable n, the return to staying from
term t to term n may be defined as,

n
S \'M j;J-t-l + Pj-t [Rn + Wn] (la)

J-t+l

wh ere.:

Mw tn active duty military pay d[R wng term J, J-]...n

Rn= the present value at the er of term n of futre relirement

benefits vested after term n

in n the expected present value at the end of term n of flit,
civilian earnings

P l where d equals the individuals' rate of time lpreferencc,

or discount rate.

The return to staying from the end of term t to the end of term n

is thus equal to the present value of the stream of ictive duty military

pay from term t+l to the end of term n plus the present value at the end
of term t of the streams of retired pay and civilian earnings the indi-

vidual expects to receive if he waits until the end of term n to
leave. The present value of the income stream from leaving now (Ti,) tq

simply the present value of the civilian future income stream the

* I say term of service rather than year of servicP hecamisre enlt~i~.d

personnel typically have to make multiyear retention decisions. For
example, to get a reenlistment bonus, personnel must reenlist for a
minimum of three years.
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individujal expects to receive if he leaves now (We) plus the present
value of already vested retirement benefits (Rt):

Lt . W t + Rt •(lb) •

The cost of leaving at the end of term t rather than remaining until the

end of term n to leave (Ctin) is simply

C t -'S to-L (10)

We may calculate T-t possible values of Ctn. Which one is the one

relevant for retention decision-making? The PV.OL model presumes that
it is the maximum of these values. That is, this model assumes that the

individual looks at the cost of leaving over various possible future
Vinr1~onq nF military service (there are T-t of them) and bases hi-

retention decision on the maximum value of Ct n. We label the maximum

of these values Ct. Ct represents the opportunity cost oF leaving now
rather than staying in for the highest future income stream to he had by

additional military service.

An alternative approach to calculating Ct is via a recursive form-

ulation. Beginning at the end of term T-l, we may calculate the return

to staying ST-l as Mt + PLt and the return to leaving I. 1._ as
WT-1 + RT_I. The cost of leaving, CT-1, is ST_1 - LT-1. Te value OF

the optimal choice, VT-1, is the maximum of ST-1 and LTI. The model is

solved recursively for ST_2 and CT-.2 where ST-2 ' MT_1 + PVT_1 , and
likewise for earlier years. The recursive formulation may he preferred

over the "forward" formulation discussed above for computational

reasons.

The PVCOL model relates Ct to the retention rate rt via a logi:3ttc

supply function:

rt (2a)-(b 0 +bI Ct)•

1 + e

or,

.n lt- 0 + hb C (2!)

This well-known function yields an S-shaped relationship between rt and
rt

C., or a linear relationship between Xn l---• and rCt"

t

S~-5-

- .--.



From either equation, we may derive the effect on r of changes in
the future military pay stream. To do this, define n* as the future
term of service such that Ct n is a maximum. To begin with, pay changes
that occur past term n* can Aave no effect on C and will hence be
predicted to have no effect on rt (unless n* is shifted outward by the -
pay change). A pay change that occurs in the next term of service may 1I

6- - Or 3r 6C tM =br~-t":

be darived as follows. Since Mt1- Mt- b r (l-r d A

Consider now a pay change in term t+2. Since .

3r 6r 6C
t t bPr (l-rt) Thus, a pay change that occurs in

Mt t+2 r. t

term t+2 has a smaller effect on rt than a pay chenge in term t+l, but
they differ only by the discounting factor 3.

Consider now the effect of an increase in the whole military pay
table. The effect of r. of a one dollar increase in the whole pay table

n*
is( J-t-ilb . r(l-r . If term n* is very many Lerms of

J-t+l
service beyond term t, the (predicted) effect of this pay change will he
large, in some cases unbelievably large. Fcr example, the model pre-
dicted a 20 to 30 percent increase in first-term retention due to a :-
10-percent increase in second-term pay, which is in line with previous
estimates. Yet, the model predicted a 50 to 60 percent increase in
first-term retention due to a 10 percent increase in the whole pay
table, and this appeared wholly unreasonable.* The next two models
predict smaller effect of a change in the whole pay table, but under
certain conditions they will give estimates of a change in Mt+, similar
to those obtained with the PVCOL model.

This PVCOL model is deficient in several respects. The first has
already been alluded to--Its estimates of the effect of ai increase in
the whole pay table seem too high. Second, Vt is not related to past
pay, only future pay. The model Is forward-looking only. Third, the

• In these calculations, n* encompasied LOS 2o, where retirement A
benefits are currently vested. A 10 percent yearly dicount rate was
used in these calculations, which may explain some of the "large"
effect. UsinQ a higher discount rate would serve to reduce the size of
the predicted effect.

-6-
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retention function is not derived from choice theory; It is an ad hoc

4• specification. This gets back to the point that the model has no "error

term" in It. It does not explain why some people choose to stay and

others choose to leave after term t. Subsequent molels attempt to

correct these flaws.

THE ACOL MOD)'L

In the PVCOL model, the time horizon solved for by the model (i.e.,
the horizon of future service over which Ct n is mpximlzed) is im-

,plicitly the time horizon or a "taste neutral" individual, i.e., someone

who is indifferent between military and civilian life. In reality,

military personnel differ considerably in their attitudes or tastes for

mtlltirv service, and these differences should he accounted for in our

analysis. The ACOL model uses the PVCOL model as a point of departure

by introduicing a taste for service factor explicitly into the model.

The model then derives the time horizon that Is; relevant for retention

deciion-making and the military civilian pay differential over that

horizon, ACOL. The retention rate at LOS t is the proportion of indi-

vLdtuals fir whom the actual pay differential, or ACOT., Is less than the

required pay differential (as measured by the negative of each indi-

vidual's taste for military service).

To introduce a taste factor into the model, we define y, as the ith

individual's taste for service. We initially assume that i is a
"permanenrt" or "fixed" taste factor associated with the ith individual

and does not depend upon current or prospective future term of

service. This taste factor represents the negative of the military-

civilian pay differential required during each term of service to make

the ith individual indifferent between military and civilian life.

Considering the adverse working conditions in some military occupations,

y is likely to be negative for many individuals. People with negative

val•es of y must be compensated with higher military than civillnn pay

to make them willing to remain in the service. Yet, y may be highly

positive for some. There are people who would remain in servIcr in

spite of a negative military-civilian pay differenttal.

Consider the recursive formnlation of the PVCM, model. We In-

corporate the taste factor into the model by adding it to the return to

-7-



staying equation:

S + Mt+I + OVt(y ) (3)
it i~ t+.1 -i

Lit t + iti

V~i MAX (S it ;Lit) :

Assume that the ith individual stays if his own personal cost of

leaving, C it(i) , Sit -Lit, is positive. The retentton rate will he I

the proportion of individuals for whcm Cit(yi) > 0. Thus, defining It
is the y, such that Ct 6y) = C and f t(yi) as the distrihution of y anog

those at term t, the retention rate is

rt f t (y)dy (4)

That ts, the retention rate is just the proportion of individuals for

whom > Y

Given the future military and civilian pay streans, the y thar
separates stayers from leacers can he derived by iterating over varioiq

possible values of I until finding the value for which Cft(Yt) equals A

zero, that is, A -%

The ACOTL methodology provides an alternative derivation of this

value. This methodlogy is cssentially a closed form qolution For the y

that yields a leaving cost of zero. Recall from the forward fornulatlt o

of the ACOL model that the individual has T-t posgible future leaving

points. That is, he has T-t possible future t[me horizons tn con-
sider. We assume tha'- the individual will remain in •ervice only if

there is at least one possible future horizon over which his cost L!F
leaving is positive. The goal of the ACOL, methodology is to find thel

value - of y such that there are no future horizons over which the co;t

of leavinz is positive. The larpest of these values will he the vailu'i

of the taste factor that makes Ci,(1,) equal to zero vti the recuir-tve
p'ý :ediire described above.

Recall that the cost of leaving at LVS t rather than 1f0S n, r t~,
can be written as

I



n

0 J-t-iM + n-t[ + R]- W - R
4j=t+l "-

The decision to stay may be rewritten to say thi indi-ridual stays if

n
thiere is at least one horizon over which - ( E yp~itl) < C

J-t+l t,n
Tik condition saye that the individual will stay if there exists at
least one horizon of future service over which the negative of the
present value of his taste factor y, is less than the cost of leaving.
This condition may be rewritten to say the individual stays if there Is

n
at least oio h.rrI ,•: over which -y'l < C t'n The valti

C P is tho annUalized cost of leavinp. (AcOL). It Is thet nJ=L+1

annuitv eqoivalent of C t1. We will call this At n

N•n4 we as-,,tme that -in individual will stay only if thler,- exists -it

least one future time horizon over" wtlelh A or - J < AThit is, thp individuial examines each possihle value of A t n a,,di stays E
if and only if one of them exceeds - O. Obviously, If ar.V'"of thom dAop',
the maximum value does. Therefore, t e that separates the stayers
from the leavers is the maxitrum ACOL value. Call this value At . It is
easy to show that Cit(-At)- 0 . Values of y helow -At Imply rimoatlvo
lnavtnE costs; values of y a"ove --At Imply positive leaving costs. The
retention rate is simply the proportion of individuals for whom ) ex-
ceeds -At:

rt f (y)dy .

-A t

To repeat, the ACOI, methodology is simply a closed form soluti on for the
"( such that Ct(y)-O.

If y has the logistic distribution function, we ,an write that,

rt --- (ao+a 1 A )

1+e

Ising this functional form, we may derive the effertq of various pay
changes. Again, pay changer. that occur past the time h:)rtzko of the
,nargtnal individual (the individual for whom y =) will not he

t -.9-
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predicted to have any effect on rt, unless, of course, the time horizon
is altered by the pay change. This feature of the model is similar to
thc ?VCOL model, except that if * is negative, the optimal time horizon
will ht!, shorter (remember that impliritly y=O in the PVCqT, model).

In other cases, we nav derive the effects Of various pay changFs as

£ follow3. Suppose thAt n*-t is the time horizon of th'e marginal indi-
vidxial, where n* is derived via the ACOL methodology. A pay change tin

tA
the next term of service chinges At by -y= n* ence,S' t+l * = J-t -1 -i

FI
t J-tl A-

the retention rate is changed by a-tt-l A

tt

St
change In pay in the 2nd fntre teArm O§ange7 A: hvS" " 3Mr + )i J-t-

j-t+l

Andtb art(I-r In general, a change

t+2 v.J-t-

jt= 6 n
t~ts

may compare the predicted effect from this model tith the predicte,1
effect for the PVCOL model. Remember in the PVCOL model that

Or ,5 rI(-rt).3 Therefore, -- - as derived from the PVM7.1

t+s t+s
6r

t
model will exceed --- as derived from the ACOT, model as

t+S

I a ÷J-t-l
b a or as b > a- IJ-t+l J~t+l

A
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To calculate the effect of a given dollar change in the whole pay

t

table, (dMt+1 = ... dMT = dM), we simply sum -- from s-I to s-n*-t as

follows: Mt+s

Or Or 3A Or 6A Or 6At
t t t t t t t t

6AYM6A 6M A 6M3.4 At Dt+I1 At Mt+2 At On, .. -- _*

32 •n*- -
Sarl(l-rt) L + + ( arra(l-r)

J.t+l

From this result, we see some of the characteristics of the ACOL
model. Consider the case of a one-term time horizon (nk-t+l). In this

case, an increase in pay yields the retention response

alr (l-rl) However, in the case of a two-term time horizon3"t+ 1 1

Or alr,(l-rl)
(n*=t+2), S W . Thus, if he time horizon of the

t +1

Original individual is two terms, a pay change in the first term is
predicted to yield a smaller response than if the horizon is only one
term. This is because the pay change in the first term is annualized
over two terms, not just one. The estimated retention response to a
current term pay change thuq depends on the marginal individual's time
horizon. That time horizon &nd, consequently, the predicted response to
pay change depend crucially on assumptions ahout the discount rate and
future civilian opportunities. The higher the discount rate or the more
rapidly civilian opportunities decline (or the slower they grow) with
additional military service, the nearer n* will he to the current term
t. In addition, pay inversions due to high pay in term t+l but lower
pay later (due say to higher first-term than second-term bonuses) will
clearly shorten the time horizon.

Now the above specification of the retention function is unsatis-
factnry in two respects. First consider what would happen if the first-
term taste distribution Is normal cr logistic and really is a "per-
manent" or "fixed" taste Factor. If fl(y) is normal, then f 2 (y) will he
a truncated normal, where the truncation point Is -A . If y really were
a permanent taste factor, the distribution of y would collapse as t in-
creases. Indeed, as long as At rises monotonically with t, the

-- If-



xetention rate should be unity between the first-term point and the 20th
year of service. This is not a very satisfactory implication, espe- _tA

cially in light of the fact that retention rates do nor currently
approach unity until around the 15th year of service. We may show that

the first- and second-term retention rates are,

rl P(Y 1  - A1) I f I(f I)dYI
-A1

f' f• N(Y 1 ,y2)dy dy 2

P(Y 2 >-A 2 ,y]>-AL) -A --A1
2 p(y>A) > p(Y>-A

2 2 (vL'I')2 +(~2 -2p )1 1
-A 2 -A 1 2.• -,,,2 2 dy 1 dy 2

1 2

P(y1 > -A1 )

The conditional retention probability r 2 is the probability of

staying for both terms, given rI. The density of f 1 (y) is normal, but
the conditional density of Y2 is not.*

If the correlation p between y1 and y2 is zero, then rl and r 2 will
be independent. If p-0l, then there is no link between A, and r 2. If p
is positive, then r 2 will decline as A, rices. To see this intuitively,
suppose y1 and y2 are positively correlated. Migher second-term pay

raises A1 and this pay raise serves to retain more personnel with lower
values of yl.  Since y1 and y2 are positively correlated, the cohort
facing the second-term retention decision will contain personnel who on
average have lower tastes for service. Given A2 , this cohort will thus

have a lower retention rate.

This specification of the retention function introduces some econo-
metric problems. First, for more than two periods the retention equa-
tions become messy indeed. Second, even with just two terms, there are
5 parameters to estimate Pi, 12' °01, 2 and p, and the esttmation pro-

* The density function of y2 is normal for a fixed value of yI, but it

is not normal over a range of values of yI.
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cedure is complicated. Third, estimation -f the parameters requires
longitudinal data, a feature as well of the SCOL model to be discussed 4 -

below.

While not as satisfying as full estimation of the bivariate normal
model specified above, the approach which I tock in reference 6 was to
simply estimate the first- and second-cerm retention equations using
probit analysis and include Al as an additional variable in the second-

term equation. While this methodology is not as efficient as joint
estimation of the r 1 and r 2 functions using panel data, it is defensible
on the grounds that panel data were unavailable. In almost all cases in
rererence 6, the coefficient on the A, variable was negative, indicating

that r 2 does indeed fall when higher second-term pay induces more first- -=

terry retention. =1

The ACOL model has been applied extensively to give predictions of
the effects of alternative compensation systems (see, e.g., reference

3). To make such predictions, the parameter a, of the logistic distri-

bution was estimated using regression analysis. Then, retention rates
(rt, t-l.. .T) during a given fiscal year (e.g. FY 1979) are used as a
set of "baseline" retention rates. These baseline rates are used to
project the steady-state or future transitional force structure that
would evolve without a pay cnange. Then, the ACOL model is exercised to

predict the retention rates and force structure that would evolve with a
pay change, and the resulting forces are compared. Tn the analysis, the
baseline retention rates will be altered both because pay changes that

occur in later terms will affect the baseline rates and because pay

changes that occur prior to term t will alter the taste distuibution
among those surviving to tern t.

Policy analysis with the bivariate normal specification of the

retention function is unrealistic because in the analysis must consider

pay changes at more than two terms of service. We could specify the
retention function as a T-dlimensional multivariate normal, but this

specification would become mathematically intractable. Therefore, in

practical applications we have done the following. We assume that the

relationship between r, and At is normal or logistic. Then, we derive

the predicted retention rate rt via the following two-step procedure.

First, the baseline retention rate is a given YOS cell, rt, Is adJusted I
as follows to account for the effect of pay changes in prior terms on

the taste distribution among those surviving to term t:

Ar

r' -r+(l +e
t rt ,rtl rtI
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where: -

' - retention rate in term t "adjusted" for the influence of past
pay

rt - the unadjusted or baseline retention rate

%Att 6rt rt-l
e . - .- II

r r YAr Ari
eto t_1 t-l t_1 rt

Second, using a normal or logistic retention function, we predict the
new retention rate rt by determining how rt' is affected by a change intA t.,

Let us examine the first step more carefully. e is thert ,rt_

elasticity of rt with respect to rtI. This elasticity ranges between 0

and -1 in value, and may be derived as follows. Let rt . rtl be the
fraction of personnel surviving to term t-1 who stay beyond term t. The
percentage increase in this fraction due to a change in pay in term t-1

Ar Ar
Is + • . If the retention decisions in the two terms arert rt~

rt rt-l

Ar t
independent, then r equals 0. In this case, e equals 0 andrt rt ,rt_ 1

t

r• equals rt. At the other extreme, everyone who remains for term t
because of a pay increase in term t leavcs at the end of term t, then
Ar
r-t declines by the percentage increase in r,,_, Art_l/rt.., and thert

survival fraction rt . rtI remains unchanged. In this case, ert,rt-l

A rt 1 ) -

equals -1 and rt equals r (l- . In general, with empirical
t-

estimates of er,rtt ranging between 0 and -1 in value, rt cal be

adjusted to reflect the influence of past pay. Estimates of this elas-
ticity derived in reference 6 range from about -. 2 to -.9 in value, with
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[i a means value of -. 5.* These estimates imply that some, though not all,

of the personnel induced to remain in service by higher pay in term t all
will leave at the end of term t.

SWe can relate this process of adjusting rt to account for the ,
influence of past pay to the bivariate normal retention function. A
Value of C of 0 corresponds to the case of a zero correlation

rt ,rt1

between tastes at term t and tastes at term t-l (p-0). A value of

rt'r t-1 of -1 corresponduj to the case of p equal to 1. Elasticities

between 0 and -1 in value correspond to values of p between 0 and 1.

THE SCOL MODEL

The previous nmodels may be criticized on two grounds. The first is
that both treat the future military and civilian income streams as known
with certainty, and hence that the time horizon is known with cer-
tainty. In fact, the future income streams may not be known with cer-
Ltqtty. Second, random events other than shocks to the military or
civilian income streams may occur that will induce individuals to leave
after each term. Further, if individuals are aware of the probabilities
with which they will leave after each future term, they will incorporate
these probabilities into their cout of leaving calculations. Each I
individual's cost of leaving becomes a probahilistic or "stochastic"
cost of leaving based on his perceivled probability of leaving after
each term of service. In this model, the cost of leaving becomes a
weighted average of the leaving costs over various time horizons, wtere
the endhof each p he probabilities of remaining in service until
the end of each possible future term and then leaving. i

The second criticism was alluded to in the introduction. The base
case pattern of retention rates from the first-term to term T is not
predicted from the model (i.e., it is not endogenous), hut merely taken
as given. Thus, even with no increase in the cost of leaving, second- I
term retention rates may be twice the level of first-term retention

These estimates have beer, criticized on the ground that they were not

constrained to lie in the interval (-1,0), and that they were nnt

obtained via an efficient eo,timqtion procedure, e.g., Joint estimation

of a bivariate normal. Yet they yield what appear to he plausible
estimates ot the elasticity, e r r

-15-4



rates. Yet, the models provide no self-contained explanation for why
there should be a tendency for retention rates to rise in the face of no
change in the cost of leaving. A corollary of this criticism is that
the previous models do not provide a rigorous link between pay in one
term and retention in the next term, although the adjustment procedure
discussed above in the context of the ACOL model may mitigate some of
the force of this criticism. The SCOL model now to be discussed repre-
sents an improvement over previous models in that (1) the uncertainty of
the futore time hoirzon is accounted for, (2) a retention function is
specified in which the pattern of retention rates by term of service Is
explained within the model (i.e., is endogenous) and (3) the link be-
tween pay in one term and retention in future terms is made rigorous.
These benefits do not come without some cost. First, the model is
mathematically dore complicated than previous models. Second, for
purposes of policy analysis, it would be virtually impossible to fit the
parameters of the model such that it perfectly predicts the historical
base case that one might want to start with (e.g., FY 1q79 retention
rates). The model's predictions for a new pay regime must he compared
with the model's own base case retention rates, not with historical

rates. The model is suited to steady-state analysis of a hypothetical
force, not dynamic policy analysis of an actual force.

Following a paper by Heckman and Willis (reference 8), Cotz and
McCall (reference 5) reformulated the model of the retention decision
and thereby obtained a more complicated retention function. They hegin
by assuming that y is a "permanent" or "fixed" taste parameter that is
not affected by current or prospective future years of service. Then,
they introduce the idea of a transitory disturbance. The transitory
disturbance Et is a random one-term addition to the individual's return
to staying in term t+l. For instance, the individual may draw a bad
assignment in term t+l (or at the end of tern. t), but this bad assign-
ment does not affect his expectation about future assignments. There-
fore, it is assumed that the Individual "draws" one transitory error
term per term (cE) and that these errors are uncorrelated across terms
(cov(r-t Et') 0 , t A t').*

* As evidenced by the pattern of Navy sea-shore rotation policies, for
instance, this assumption is unrealistic. However, the model would
become exceedingly complex without it. One question is how much
prediction error is introduced by this assumption, a subject we return
to below.
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On this assumption, the retention decision is derived recursively
as follows. Suppose we consider the ith individual at the end of term
T-1. His cost of leaving is,

CIT-I(YI'•iT-I FiT-I + Yi + MT + OLT - LT-1

CiT..l(yitiT-1) is the coat of leaving conditional on both EiT-l and Yi,
while Ci•._l(yi) is the cost of leaving unconditional on CiTr-1 The
decision will be to stay if CiT.I(yIciT_1) is positive, or if
CiT-l > -CiT-l(Y). Therefore, if C(EiTI) is the distribution function
of EiT-I' the probability that the ith individual will stay for term T
is,

aiT-1 - j d(cT-1)
-CiT (Yi)

Now, in the original formulation of the PVCOL model, the indi-
vidual's optimal return was simply the maximum of SIT_1 and LiTI. This
is no longer true. Since the individual gets the return

+ Yi + MT + LT with probability aiT_l and the return L
with probaility l-XiTl, his expected return from staying - E(ViTI) --

is calculated as

E(ViT-I) = (ciT-1 + Y + MT + LT) dG(r-t)

- L-.TIi(Yi)

+ fCT1(i L T-1 d'(c'T-I0

This is equal to

E(V IT-]) ( iT-1 dG(cT-1 + arT-I(I + MT + LT)-C T-I (00

+ (1-aT-1)LT-1

The first term in this sum is the expected value of the transitory
disturbance g that the individual stays. In this formulation, this

expected value is always positive. If cT-l is distributed normally with
mean 0 and standard deviation vc, we may show that this expected value
is equal to ug(ZfT-l)/tiT-l where ZiT-l - CT-l(yt)/oE. That is, ziTr-I
is the "standardized" unconditional cost of leaving for individual 1.

-17-
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Like the PVCOL model, SCOL can be solved recursively to obtain

costs of leaving in earlier terms. In general, the unconditional cost

of leaving at term t may be written as -1

Cit . Yi t+l + P.C(V t ) - Lt

Again, the retention decision is to stay if C t(Y) + F_ > 0, or if I
it i it-

it > Cit(Yi) A

'1
While the model is solved recursively for CIT. 1 , CiT_2, CiT-3,

etc., it is revealing to reformulate it as a forward-looking model. To I
do this, I will ignore for the moment the expected value of truncated

error terms ce g(Zit) to simplify the arguaent.* For simplicity, I also I
omit the i subscript. Consider the possibilities facing an individual

at the end of term t. If he stays one more term, he gets the income
stream St,,+1 , y + Mt+1 + OLt+l. If he stays two more terms, he gets

the income stream St t+2 - y + Mr+l + 00 + Mt+ 2 + 5Lt+Z). If he stays
n more terms, he gets the Income stream

S tn + M t+1 + Z -t Y+MI) + n-t L n4

Assuming that the individual stays for term t4l, the probability :

that he will leave at the end of term t+l is (1-at+,). Call this proba-
hility •ttt+l' riven that he stays for term t+l, the probability that
he will stay until the end of term t+2 and then leave is A

Ct~L~l-at). Call this nt,t+2" In general, let t, +l = - t+l " A t+2

• an(l-an+l) be the probability that the individual will stay from

the end of term t to the end of term n and then leave. Note that aTI

equals zero. Therefore, the probability of an individual at term t

remaining through term T is i T a at+l O't+ " ',T-1. * he expected
present value of the individual's income stream, given that he stays for

term t, is

T-lE(St 7; s
t t,n tin ,n-t+l

This simply s;ay3 that the expected return to staying at the ernd of
term t is a weighted average of the returns from following all possible

* It is shown below that under certain assumptions t)ls term will cancel

out anyway.

-18-
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future stay-leave sequences, where the weights are the probabilities of
following the possible sequences.

The individual's cost of leaving may be written as

T-1
C (y) - E(St) - L - S - L

t t t n t,n to
n=t+l t' t' -

T-1
We may simplify this further. Since % t n 1 , the cost of

n-t+l

leaving is

T-1 T-1
C 0)t (S - tt) = L n Cn-t+l t n-t+l tOn tn

Thus, the cost of leaving at term t is simply a weighted average of the
leaving costs over all possible future stay-leave paths or time horizons
where, again, the weights represent the probabilities that the lnrl-
vidual wil follow these paths.

This "forward looking" representation of the model Is useful he-
cause it permits us to examine how pay changes affect the unconditional
cost of leaving. Later, we will derive their effects on retention
rates. We cannot do this just yet since we have not yet specified the
retention function. Consider the effect of a change in Mt+I.
Clearly OC (y)/3M+ I . That is, the unconditional cost of leaving
changes doilar for ýollar with a change in Mt+l. This rerult is identi-
cal to the PVCOL model and the ACOL model where the time horizon is one
term. Thus, in the case where the ACOL model horizon Is one term, all
thtee models give (approximately) the same prediction of the effect of a
pay change in the next term (depending, of course, upon how the reten-
tion function is specified).

Next, consider the effect of a pay change in the second-future
tern. We can show that

3Ct(Y) 31 t+"N •t+l + ... " t+2
0Mt+2 0M t+2

This partial derivative simply says that the effect of a pay change in
the next term is the discount rate ýi times the probability that the

-19-
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individual will stay for the next period plus • times the effect of a

change in Mt+ 2 on a+' Now, the important point is that in this model

a pay change in the next term clearly has a smaller effect on the cost

of leaving than in the PVCOL model.* (Recall that in that model the

effect was P). This result says that the individual weighs a pay change

during the next term by the probability that he will leave as is the pay

change. Hence (again depending on how the retention function is speci-

fied) this model will give a smaller estimate of the effect of a pay

change in the next term than will the FVCOL model. It is not clear how

the prediction will compare with the ACOL model prediction, because in

that model the predicted retention effect was smaller as well.

n-l

Let P = I - t j he the probability that an Individual
t,n lt,J

will remain in service for at least n-L more termo. 14e can show that

the effect of a pay change in term n has the following effect on Ct(y):

6C (y) 6r
t n-l + t n M
t+ntn M t+n

"Thetiis, thepy) changes byn tirme the sum(2 ofe e(eo the proabilit of

Mr+n on the probability of surviving to term t+n. Of course, we expect

Pt/6mt to be positive.

The effect of a change in the whole future pay stream is simply the

sum of T-t partial derivatives:

act(Y) T-t 6C (y) T-t ___P 6 n
am - am Mt-"

7M n-l ( t+n n-I t

Since the survival probabilities are less than unity, the effect of

a change in the whole pay table should again be smaller than it was in
the PVCOL model.**

* This assumes the time horizon of the "taste neutral" individual

exceeds one period.

** A qualifying factor is that the PVCOL model sums partial derivatives

only from term t to term n*, where n* is the first future term for which
RLt,n, > RS t,n This model sums partial derivatives from term t+l to

th? terminal term T. Therefore, this statement should not be taken too
literally.

-20-
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Now we derive the retention equation. Suppose we first consider

the tth individual with taste factor y. If this individual has the

sequence of unconditional leaving costs C (Y), C2 (y) . . ., C (y) from

term I to term t, the probability that he will remain in .ervice from

term 1 to term t is,

aI a2 Li.• t dr-)dG(•2) dll(et

-c -C 2 () -Ct() t
2 t

Now this ts the probability that the given individual will stay for t

terms. Consider next a whole cohort of individuals at the end of the

first term. If f(y) is the (fixed) distribution of tastes among the
individuals in thls cohort, the fraction that is expected to survive to

t tetrn t is

s f d.3(t) f dG(e 2 ) [ dC(s.) dF(y)

1 2 -c(y
st -=. -ly -C2(y) -CJ) •::

Th.1t is, we find at by weighting different individuals' survival proba-

bilities to term t by their representation in the initial colhort. The

retentloii rate at term t is the conditional probability of staying at

term t given survival to term t-l, rt . s t 1 st_.

If we in fact knew the unconditional taste distribution at term t,

rt(y), we could calculate rL as,

rt d(( - L(t) dFt( (Y

t

As discussed below, this conditional distribution is skewed to the
right, and its skewness depends upon the cost of leaving in prior

terms. In practice, this conditional distribution is so complicated
mathematically that we will work with the unconditional survival proba-

hilttties and derive the retention rates by dividing st by st_-I

We can at least examine intuitively the relationship between rehten-

tion rattn at various terms of service. To do this, suppose that f(y),

the i'ittial taste distribution, is dIstributed N(py , -Y ) and that the

transitory error term c is ditFributed N(O,:j,), each and every t.
IC y + t is the 'error term" in the retention decision at each term oft
qervice, we may show that the correlation between the errors at various
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terms, p equals _ Consider first the polar case where p 0,2 2
a +J
Y

i.e., everyone has the same taste factor. In this case, differences in ","
tastes explain none of the individual variation in retention proba-
bilittes -- all of the variation is explained by random draws on
g(ed. Recall front earlier discussion that e equals the elas

rt tr-1

ticity of the retention rate in term t with respect to the reteiltion
rate in term t-l. In this case, the elasticity equals zero. That is,
the retention rates in different terms are independent of one another.

Consider the second polar case where J. = 0 and ;T > 0. Here, all
of the individual variation in retention probabilities is due to varia-
tion in the permanent taste factor y. Here, r equals 1. In this case,
individuals stay only so long as Ct(y) exceeds zero. llence, a higher
first-term bonus wilt make Cl(Y) positive for some individuals for whom
C1 (Y) was previously negative. If C2 (y) is negative f.or these Indi-
viduals, all will leave at the end of the second-term. Hence, in this
polar case, e = -1 . As a general rule, e will lie between

r 2 ' rl 2'r

n and -1 In value; its value will, approach -1 as -.Y rises relitive
tO (i.3.

In the case where o. exceeds zero, the original taste distribution
f(f) does not get truncated as term of service (t) rises, only "thinned
out" in its lower tail. This occurs because individuals with low (nega-
tive) values of y have lower retention prclal•iles ,-- dividuals
with higher (positive) valies. The conditional taste distribution ft(% )
becomes sý._ewed to the righ!t as t increases. Its mean rises and its
standard deviation declines. The extent to which ft(,) is skewed de-
pends upon compensaton policies. 'figher milittry pay serves to reLtain
more people with low values of y and hence reduces the skewness of

it(Y), with the consequent results that the conditional meai I.- lower
and the conditional standard deviatior iq higher. Because the mean of
the conditional distrihution depends Inversely on past compensation,
higher past compensation necessarily leads to lower retention in tprm
t. In this regard, this specification of the retention equation pro-
vides a "closed form" solution to the link between compensation policies
in one term and retention rates in future terms.

We now examine the retention Impact of pay changes. (i, veii the
mathematical complexity of the model, we can only state the results
formally. The retention impact of a pay change, e.g. or t/Mt+1 , does
not have the simple analytical solution that one Finds In the earlier
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modelq based on the logistic supply function. But, to begin with,

suppose that ft(y) is the conditional taste distribution at tetm t. If

E is distributed normally, we may show that

tI

. . . . . j e -(-) d F ( Y )
Mt+1 - /72 C--

The first term in this integrand is the ordinate of the standard
;normal di.stribttLon evaluated at Ct(y).'a0, the standardized cost of

leaving. It shows how a single individual's retentton probability

chaogus with a change in Ct(y)/'J,. The second term, - , shows the

rate qt which C( )/o. changes in Mt. (*We have previou§lv shown that

C t(y)/ Y I .) Therefore, the product of these two terms shows how

a single individual's retention probahilty is affected by a change in
-It+I. Summing over individuals (i.e. integrating over the range y)

gives .rt/mt+l'•

By a similar process, we may also find the effect on rt of a pay

chaige in terr. t+:i and the effect of a change in the whole future pay

a t reani:

ie ?t(y)] 1~ (y- -- dFt (y)"rt J=e -• . ... J M~

t+n ._E t+n

•rt 2- - 2 - dF-

tc(.() ()C (y)The trms an ..i were derived above. Due to their corn•t+n )q•

plexity, we do not repeat them here.

While not obvious, a result of this model is that the retention

effect of a pay change will Increase as term of service rises. That IS,

Or-- > Or- for t > t'. As noted above, as the 1tittial taste
>1 t+1 Mt'+

-23-
I

I



distribution becomes skewed, its standard deviation declines - that is,
t t

s s , where s q is the standard deviation of ft(q). As a result of
tqhts loaer variation in tastes, a given pay change will cause movement
over a larger portion of the ft(q) distribution at t than at t'<t.
Other things equal, this implies a larger change in rt than in rtl.
This leads, for instance, to the prediction that a second-term bonus
will have a larger impact on the second-term retention rate than an
equivalent bonus on the first-term retention rate. The reason for
expecting this larger impact is separate and distinct from the fact that
retention changes will get larger as one moves from the tail of a normal
distribution (e.g., a 20 percent base retention rate) to the center of
the distribution (e.g. a 50 percent base retention rate). A]

Let us turn now to certain assumptions about the specification of
the S•OL model. In this model, the transient error disturbance et
enters as a per term disturbance to the individual's military income

stream. Yet, it seems reasonable to assume that random shocks could
occur to the return to leaving equation as well as the return to stayingcequation. We could introduce a random civilian disturbance e¢ to The

model, but we do so only at the expense of greater complexity. There is

one case, however, where adding a civilian disturbance greatly simpli-
fies the model. Suppose we distinguish between the random civilian

disturbance e and the random military disturbance e . Under thet t
assumptions that they both have the same probability distribution and
that they are uncorrelated, we may show that the expected value of
truncated error terms cancel out in the expected optimal return
equation .*

-stagm • _

*The expected value of e given that the individual stays is
t 1-am

m c

where sm is the standard deviation of e . The expected value of et

t

given that the individual leaves is aSince the Individual
c

gets the expected value of et with p-obability am and the expected value

of et with probability l-ac, it may be shown that these terms sum to

zero when em and ec have identical (non-correlated) distributions.
t t
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The assumption that there are random disturbances to both the

civilian and military income streams is convenient because it simplifies

the calculation of the unconditional cost of leaving (one can use the

backward method or the forward method discussed above). Also, I see no

way of ever jointly estimating the parameters of both distributions.

A second assumption up to this point has been that everyone has

basically the same civilian opportunities (aside from random dis-
turbances to the civilian income stream). In reality, individuals will

differ in their civilian opportunities. Aside from the taste factor y,

differences in abilities are another persistent source of variation.

The process that sorts out stayers from leavers may as much bc a sorting

duo, to differences in civilian opportunities as differences in tastes.
Empirical evidence for 0his view is found in reference 7. The proba-

bility of reenlisting is found to vary systematically by mental group,

educoation level, and race, and the effects of these variables .re all in
the expected direction.

The fact that there may be two sources of persistent variation in

the model Introduces problems of estimation and Interpretation. First,
one could simply assume that the term y represents the sum of a pure

taste factor and the deviation of the individual's true expected ci-
viLian earnings from the average for the cohort. In this case, C is

the square root of the sun of the standard deviations of these two
factors and the negative of twice their covariance. If we assume this
and get an estimate of o , we find that the estimate of 1 overstates

the standard deviation o the pure taste distribution. The basic

problem here is that when the model is simulated to determine the
effects of pay changes, the resulting pay elastic.tten will be too small

-- pay elasticities vary inversely with ,

In empirical work, the upward bias in estimation of a can be
redticed by getting an estimate of civilian opportunitie.9 for each indi-

vidual (each group of identically attributed individuals) in the

sample. This .4as done, for inqtance, in referernce 6. Soi.ie of the
persistent variation in civilian opportunities will he controlled for,
bh't Indlividoal errors still remain, leadin? ngain to upward bias in

estimation of Y''

Air Force - CRO Models

On the s ace, tL. stochastiL formulation ef the cost of lcn:ing
ig slmilar to -'etention models constructed by the Air Force and the

Congretsional Budget Otficf. (CBO). Both the Air Force and CBO models

-25-
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_.compute the returns to staying by using estimated probabilities of going

to each future term and then leaving. To do this, the models hegIn at
term T and work recursively to predict new retention rates and use the

predicted retention rates to compute the t's used in the cost of leaving

-equation in each preceeding term. Thus, the models compute CT and

predict rT using a logistic supply equation. rT becomes the aT-1 used

in the calculation of CTI. Next, rT_. is predicted using CT. The

a's required for the calculation of CT- 2 are calculated using rT-1 and

rT. In the same fashion, rT- 2 is then predicted, and go Forth. The

models thus calculates expected coqts of leaving for the "average indi-

vidual," i.e., one whose future retention probabilities are equal to the

cohort's i. .r',.-e.

This methodology is compotationally much simpler than the SCOI.

model procedure, hut it has a shortcoming. The predicted retention
rates used to estimate the Vt's represent the average .r's only of those

who choose to stay at term t. That is, they are conditional prohabili-

Sties. They do not represent the ta's of those who in fact choose to

leave at terhm t. .tnc• those who ,tay have, on the average, higher -O's

than those who choose to leave, this methodology probably leads to

overstatement of the effect of far future pay changes on rt and hence to

overprediction of the effects of such pay changes on r t Yet, because

the cost of leaving is a stochantic cost of leaving hased on futu.re

retention probabilities, this model will yield a smaller predicted

retention response to a future pay change than tic P\C.)L model. Just

how the Air Force - CBO model predictions compare with AC.OL or SCOI.
model predi.tions for structural changes such as retirement overhaul Is

not clear at the moment.
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SIMIULATIONS OF THE SCOL MODEL*

We begin the simulation analysis of the SCOL model by assuming thqt
"y is initially distributed N([± ,o ) , and that ct is distributed
N(O,o ) The model was simula ed for various values of the parameters A-

o , and . . For brevity, we report the results of only one of
the simulations. Retention rates obtained with other parameters differ
somewhat, but the general retention patterns are similar. Importantly,
for a feasible range of the parameters, the pay elasticities implied by
the model are very similar. 4

This simulation analysis was performed using FY 1979 all-Navy data
on promotion probabilities and bonus multiples. For FY 1979, we com-
puted the "all-Navy" Zone A bonus multiple to be 1.53, and the Zone B
mulriple to be 1.27.** For purposes of simulation, we divided the
career into 14 decision points -- first-term (LOS 3-6), second-term (LOS
7-10), third-term (LOS 11-14), fourth-term (15-19), and terms 5-14 (LOS
20-29). Thus, we assume that at the end of each year between completion A
of LOS 20) and completion of LOS 29, the individual is eligible to leave

the Navy. In practice, Ct(y,C) is calculated at the midpoint of each ofthe first four terms. Thus the first-term cost of leaving is calculated

at the beginning of LOS 5, the second-term cost of leaving at the
beginning of LOS 9, etc. The reason for structuring the analysis this
way, rather than calculating a cost of leaving for each year, is that
individuals typically must make multi-year decisions prior to LOS 20,
and, more pragmatically, the computations would become exceedingly

cumbersome otherwise.

Table I shows FY 1979 all-Navy retention rates for the first five
terms of service (where "term" is defined by the LOS intervals above),
and the "base case" retention pattern for the parameters p - -$2800,
oY $3500 and od . $4500. These parameters were selected because they
are the ones that gave Ll,c -losest fit to the FY 1979 retention

* The author wishes to thank flr. Philip M. Lurie of CNA who conceived
the basic algorithm for the simulations reported on below.

•* These average multiples were obtained by weighting each rating's
multiple by the number of reenlistment eligthles in FY 1979, summing,
and dividing by the total number of eligibles In FY 1979. These
multiples are slightly downward-biased due to the frct that we were
unable to breakdown the data in certain ratings where ronlistees
holding certain NE.Cs receive larger bonuses than other reenlistees.
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pattern. Table I also shows survival rates calculated from FY 1979
retention rates and survival rates derived from the "base case" reten-
tLion rates. The survival rates are obtained by simply multiplying the
relevant retention rates. In both cases, the survival rates show how
many individuals would remain from term I to term t were the system in
steady-state. The survival pattern produced hy multiplying together the
FY 1979 retention rates in tqble I is similar to the pattern that would
be obtained by multiplying together yearly contintiation rates. The
simulations use a 10 percent personal discount rate throughout, and
civilian opportunities are approximated by an age--earnings function fit
to data on high school graduates.*

The model simulated with the parameters specified does not per-
fectly predict the current retention pattern. Perhaps further experi-
mentation with the model parameters will yield a better fit. In any
event the purpose of this simulation is not to estimate the parameters
empirically. Rather, given some chosen parameters, it is to show the
retention predictions the model would make for various changes in the
compensation system. We therefore simulated the model for:

- a 10 percent increase in second-term pay (LOS 5-A)
- a 10 percent increase in third-term pay (LOS 0-12)
- a 10 percent increase in pay in LOS cells 9-30
- a 10 percent increase in the whole pay table
- a two-tier retirement plan (the OST) retirement plan without

early withdrawal privileges)
- the OS!) retirement plan

Let us examine the results.

2SWe fit a regression of the form logFt b b + b t - b2 t to data on

earnings of '-igh school graduates where log Ft is the natural logarithm

of earnings and t is years of labor force experience (age - 19). We fit
such a function rather than using actual values because it was easier to
use sach a function rather than actual values in the simulation
analysis. The fitted function explains 96 percent of the actual
variation in age-earnings profiles of high school graduates.
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TABLE I

FY 1979 ALL-NAVY ENLESTED RETENTION AND ! iI
SURVIVAL RATES BY TERM AND RATES PREDICTED BY SCOL

MODEL FOR PARAMETERS liy=-2800, cy-3500, AND cE-4500

Survival
rate based Base case

Actual on FY 1979 Predicted Predicted -

retention retention retention survival
Term ratea rates rate rate

1 .241 .241 .227 .227

2 .510 .123 .514 .117 '=
3 .806 .099 .934 .109

4 .939 .093 1.00 .109

5 .331 .031 .422 .046

aI
I

aData provided by DMDC. Actual retention rates in this table are the

proportions of people in LOS interval who had less thau 13 monLhs to go -]
on their enlistment contracts at the start of the Fiscal year who re-
mained in the Navy at the end of the year. Note that the model predicts 7A
a unitsry retention rate in the fourth term, yet the fourth-term rate is i

only 93.9 percent. This discrepancy is due to the fact that the model
assumes no retirement eligibility prior to completion of 20 years of
service, whereas there are individuals who have earned "constructive
credit" time who are currently retiring prior to completion of 20 years.

Table 2 shows the predicted effect of a 10 percent rise in second-

term pay, and compares this with the base case, which is reproduced from
table 1. The model predicts a first-term retention rate increase from
22.7 percent to 28.2 percent. The implied pay elasticity (%Arl/%AM 2 ) is
2.42. That is, the 10 percent rise in second-term pay is predicted to
get a 24.2 percent rise in first-term retention. This is very similar
to the first-tern pay elasticities obtained with quite different

models. The theoretical reasons for expecting this result were ex- I
plained in the first section.

A

AI

A
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TABLF 2

PREDICTED EFFECT OF 10 PERCENT RISE IN SECOND-TERm PAY

10 percent

second-term
Base case pay increase

Term rt St rt St

1 .227 .227 .292 .282 _ .

2 .514 .117 .430 .121

3 .934 .109 .919 .112

4 1.00 .109 1.00 .112

5 .422 .046 .417 .047

A second result is that the second-term retention rate drops by

16.3 percent. This result is consistent with theory and is a necessary

outcome of the construction of the model. From these results, we may

show that the second-term reenlistment rate of the pay-induced first-

term reenlistees is only 8.8 percent. The elasticity of the second-term

retention rate with respect to the first-term rate (%Ar 2 + tArt) mRy he

calculated as (9.8 - .514)/.514 - -. 824. It was shown in the first

section that this elasticity can range between 0 and -1 in value, ae-

pending upon the relative values of the parameters a and e . The

elasticity obtained here is somewhat higher than ones obtained from

empirical analysis with the ACOL model (reference 6). Note that the
higher second-term pay will impact upon the third-term retention rate as

well, although the predicted effect is rather small.

A general implication of the model is that the higher pay hasically

serves to retain personnel only during the interval over which pay is
raised. The unconditional survival probabilities to term beyond the
second term are not very different from the base case; most of zhe
additional personnel retained by the higher second-term pay leave there-

after.

We turn now to the effect of a 10 percent rise in third-term pay.
The model's prediction for this pay increase is shown in table 3. In

table 3 we distinguish between the "short-run" effect of the third-term

pay change and the "steady-state" effect. The "short-run" effect aiows

the immediate impact on the second-term retention rate of a 10 percent
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increase in third-term pay. That is, it shows the effect on r2 of
holding constant the pool of second-term eligibles. In the long-run ii
(steady-state), however, a 10 percent increase in third-term pay can -

have the effect of raising the first-term retention rate r1 . If this I
happens, the pool of second-term eligibles will change, and the steady-
state value of r 2 after the 10 percent increase in third-term pay will
be lower than the short-run value.

TABLE3

EFFECT OF A 10 PERCEIT INCREASE IN THIRD-TERM PAY 1I
Short-run Steady-state

Base case effect effect J

Term r t S tr t S tr tS ii
1 .227 .227 .227 .227 .249 .249 1
2 .514 .117 .666 .151 .632 .158

3 .934 .109 .875 .132 .857 .135

4 1.00 .109 1.000 .132 1.00 .135

5 .422 .046 .388 .052 .384 .052

Examining the results in table 3, in the short-run, holding the
pool of second-term eligibles the same as in the base case,* the second-
term retention rate rises from .514 to .666. In the steady-state, r 2 is j
predicted to rise from .514 to .632. The pay elasticities implied by
this 10 percent increase in third-term pay are very large. The short-
run pay elasticity (%Ar /7Amn ) is 2.96, while the steady-state elas-
ticity is 2.29. These high elastictties are a result of the construc-
tion of the model. As noted earlier, the conditional diatrthution of y
gets "thinned out" after the first-term decision point; the conditional
mean rises relative to py and the conditional variance is smaller. As
a result of the smaller variance of the conditional taste distribution

* Computationally, we hold r1 and hence the pool of second-term
eligibles constant by using the base case values of the cost of leaving I
at the first-term. I want to thank Glenn (,otz for suggesting this
methodology.
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(the taste distribution is now "tighter"), given changes in pay will

lead to larger changes in retention than they did at the first term.

These prediction are to be contrasted with the second-term pay I

elasticities obtained from recent empirical analysis using the ACOL 1

model (reference 7). This analysis obtained second-term pay elas- I

ticities that were only about half the value of those obtained in these

simulations.

We turn in table 4 to the effect of a 10 percent increase in the I
whole pay stream beyond the second-term. Again, we may distinguish I
between the short-run and steady-state effects of the pay change. The

short-run effect of the pay raise is to increase the second-term reten-

tion rate from .514 to .731, a large effect indeed. The implied pay

elasticity is 4.22. This large a pay elasticity is due to the condi-

tioning on the initial taste distribution. Again, the steady-state

effects are somewhat smaller. Note that due to the increase in the

whole post-second-term pay table, the retention pattern is uniformly

higher than the base case retention pattern. This is to he contrasted

with the previous case, where pay was raised only in the third term.

There, post-second-term retention rates are below th hane case rates.

These results are, of course, to be expected. 
-9

TABLE 4

EFFECT OF A 10 PERCENT INCREASE IN PAY IN LOS CFLLS 9-30

Short-run Steady-state

Base case effect effect

r Sr S r

Term rt t r _t _t 
r t S

1 .227 .227 .227 .227 .23q .239 -i

2 .514 .117 .731 .166 .701 .167

3 .934 .109 .985 .163 .992 .1A4

4 1.0n .109 1.0n .163 1.00 .164

5 .422 .046 .462 .075 .460 .076
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Now we turn to the effect of a 10 percent increase in the whole
military pay table. The results are displayed in table 5. The first-
term re'.ention rate is predicted to rise from .227 to .300, a 32.2
percent increase. Thus, the first-term pay elasticity with respect to a
10 percent increase in the whole pay stream is 3.22. This is larger
than the effect of a 10 percent increase in second-term pay, 2.42, but
it is not too much larger. The whole pay stream elasticity seems much
more plausible than that obtained with the original PVCOL model, but it
is somewhat larger than that obtained with the ACOL model.

TABLF 5

EFFECT OF A 10 PERCENT INCREASE IN WHOLE PAY TABLE =

Steady-state
Base case effect

Term rt S rrt t,

1 .227 .227 .300 .300

2 .514 .117 .603 .191

3 .934 .109 .Q72 .176

4 1.00 .109 1.000 .176

5 .422 .046 .447 .079

Note that the second-term rate is 17.3 percent higher than the base
cage rate. Again, the steady-state effect of the 10 percent increase in
the whole future pay stream is smaller than the short-run effect shown
in table 4. It is due to the fact that many of the additional first-
term reenlistees leave after the second-term.

We now turn to retention predictions for alternative retirement

systems. We estimated the effects of two plans, the OSD plan and a
similar plan without early withdrawal privileges. These plans are
described in detail in reference 4. The results are displayed in table
6. The two-tier plan, which cuts retirement benefits from YOS 20 to age
60, generates less retention than the current system. The results
indicate not much change in first- or second-term retention, but a
significant drop in third-term retention. These results are reasonably
close to the ACOL model results found in reference 3. The ACOL model

predicts somewhat larger drops In first- and second-term retention, but[ smiller drop in third-term retention. The predicted changes in the
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cumulative survival probability to YOS 20 are about the Rame. As in the
ACOL mndel, this model predicts a sharp Increase in retention at YOS 20 -•

(term 5 in table 6).
i:

TABLE 6

BASE CASE RPTENTION RATES AND STEADY STAT• RATES

PREDICTED FOR IWO ALTERNATIVE RETIREMENT SYzTF.::Z

Base case Two-tier plana OS?) plan

Term rt s r St rt St

1 .227 .227 .226 .226 .306 .306

2 .S14 .117 .497 .112 .652 .199

3 .934 .109 .838 .094 .683 .136

4 1.00 .O0q 1.000 .094 .9q8 .136

5 .422 .046 .574 .054 .597 .091

"aTwo-tier plan is identical to OSO plan except that no early withdrawal.•

are allowed.

The SCOL model predicts a substantial increase in first- and

second-term retention under the OS) retirement plan, bitt a sizeahle Irop

in third-term retention. The predicted increase in enrly retention is
iuich larger than that predicted by the ACOT, model, bh1t the predict'*.-

drop in third-term retention is larger as well. Of course, in the RCOL

model (as well as the ACOL model), the size of the predicted drop In

third-term retention will be directly related to the size of the

predicted increase in first- and second-term retention. Overall,

Judging by the cumulative survival probability to YOS 20, the S CoL model
predictions are somewhaL more optimistic than the ACO! model

predictions. The ACOL model predicted about the same cumulative

nurvival probability to YOS 20 as under the current ratirement syqtem.

However, because the manner in which cutmulattve survival probabilities

were compated in the ACrO). iodel was go different from tho mannr In

which they are computed here, perhaps not too mrch should be made of the

difference in the predicted survival pobahbilities. That the models do
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give the same directional predictions is perhapA the important point to

stress.*

3';
i-c

*We .have not attempted a transition analysis of the effect of these

retirement plans. It is clear, however, that during a transition

period, retention would be higher than it would he under either

retirement plan alone. This is because everyoae corrently in the force

woul-i be grandFathered at the time of implementation of the %ISD plan,

and because those who would prefer the OST) plan• wouild he allowed to

switch to It.
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CONCLUSIONS

The first section of the Research Contrihution does not admit to

conclusions in the usual sense, since it is a description and comparison

of different analytic models. hlowever, several points should be empha-

sized. rhe first is that the later models discussed here (ACOL and

SCOL) are more descriptively accurate than the earlier ones. The PVCOL

model examines nothing more than the monetary costs of staying in and

leaving military service. The ACOL and SCOL models include a taste for

military service factor, and the SCOL model adds a transitory dis-

turbance to individuals' present value calculus to account for temporary

effects on the stay-leave decision. This lItter addition also means
that the calculation of the future costs of staying or ½ýýaving becomes

probabilistic, rather than certain; a condition which may more ac-

curately describe behavior.

A second point is that the models become more Internally consistent

and complete. For example, the SCOl. model makes the link between pay in

one term and retention In future term- a part of the model, rather than

an ad hoc procedure. Also, retention by term of service is endogenous

to the model, not exogenous as it was previously.

Finally, (and this point leads into the simulation of the SCOL

model) the later models provide more sensible predictions than earlier

models. Rather than repeating the findings from the simulations, the

reader is referred to the Executive Summary for a statement of them.

- 6
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